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Procedures in interventional cardiology requiring the use of ionising radiation require the 40 
use of lead aprons (6-10kg).  In invasive cardiac electrophysiology, procedures may 41 
have a duration of up to 8 hours that results in fatigue, orthopaedic problems (e.g. back 42 
and foot) and impaired venous return [1, 2].  There have been several qualitative (rather 43 
than quantitative) studies investigating the causal link between lead aprons use and 44 
musculoskeletal disorders [2-7].  45 
In order to investigate the effects of wearing a lead apron on the spine and feet, a pilot 46 
biomechanical analytical study on a single interventional cardiac electrophysiologist was 47 
conducted.  48 
 49 
One 37 year old male consultant interventional cardiac electrophysiologist performing 50 
invasive cardiac procedures for 10 years with no history of musculoskeletal disorders 51 
was analysed. The subject wore a wrap around lead apron that was not open in the 52 
back. The apron comprised a separate chest jacket and skirt with a belt.  Spinal angles 53 
were assessed clinically using video images taken at 30 minute intervals using a 54 
Panasonic HDC-TM900 video camera (Panasonic UK Ltd.).  Thoracic and lumbar 55 
angles were measured by manually drawing a tangent for the thoracic and lumbar 56 
segments of the spine.  The methodology was initially validated using a 12 camera 57 
Qualisys ProReflex MCU240 motion capture system and C-Motion Visual 3D software 58 
in the Motion Analysis Laboratory where the electrophysiologists operating table and 59 
monitors were simulated. Analysis of ‘clinical’ spinal angles was completed at regular 60 
time intervals for 5 complete ‘live’ procedures.  Assessment was also conducted in a 61 
‘laboratory’ setting where the clinical procedures were simulated whilst the lead apron 62 
was not being worn. 63 
The recording of foot pressure was completed using a Pedar X system (Novel-gmbh) in-64 
shoe pressure measurement system.  The signal was divided into nine zones to aid in 65 
studying changes in the centre of pressure. Filming and foot pressure measurement 66 
were synchronised manually to associate a given task or posture to the foot pressure 67 
measurement. Analysis of foot pressure was completed for 3 complete clinical 68 
procedures with the Pedar equipment calibrated prior to the study and the insoles were 69 
re-set to zero pressure prior to each procedure. Further analysis was also completed on 70 
three resting days (5 different recordings per day to assess variability) when the 71 
electrophysiologist performed no procedures and thus wore no apron as a method of 72 
comparing the clinical results to normal foot pressure. 73 
Spinal angles and foot pressures were measured for four different common tasks of the 74 
electrophysiology procedure namely, standing in an upright position, looking at a high 75 
monitor, looking at a low monitor and looking at a side monitor.  Results are presented 76 
by comparing the increase in flexion that occurred for each task compared to normal 77 
upright standing.   78 
 79 
When a lead apron was worn the lumbar flexion angle increased by 11°, 23.9, and 4.7° , 80 
compared to upright standing, when looking at the high monitor, looking at the low 81 
monitor and looking at the side monitor, respectively.  The corresponding increase in 82 
thoracic flexion angles, compared to upright standing, with the lead apron were 11.5°, 83 
25.3°, 1.9° for the same activities respectively.   84 
There was no significant difference in flexion angle increase when the 85 
electrophysiologist was analysed in the ‘laboratory’ when not wearing the apron 86 
(resting) compared to in the ‘clinical’ setting. Flexion angles were greatest when looking 87 
at the low monitor.  Despite looking upwards at the high monitor the electrophysiologist 88 
tended to lean forwards during this activity.  89 
Average and peak foot pressure for the three procedures were found to reduce on 90 
resting days and varied with time. Furthermore, high pressure regions were observed 91 
over a significantly greater area of the foot (Figure 1).  In addition, as the procedure 92 
progressed the centre of pressure was observed to move towards the anterior aspect of 93 
the foot. 94 
Interventional cardiac electrophysiological procedures require multiple changes in 95 
posture, bending and prolonged standing whilst wearing lead aprons. This is to allow a 96 
variety of tasks (including fine motor, and operation of foot pedals) to be completed as 97 
well as to facilitate the observation of multiple monitors often placed sided by side and 98 
above each other. 99 
 100 
Increases in lumbar and thoracic flexion angles up to 25˚ were observed whilst the 6kg 101 
lead apron was worn and directly associated to the task completed. This finding is 102 
consistent with musculoskeletal adaptations during longer term lead apron wearing [7]. 103 
 104 
Foot pressure was shown to be highly variable and dependent upon weight distribution 105 
that shifted regularly during the operation from one leg to both legs. Standing for long 106 
periods of time whilst wearing a lead apron resulted in a 50% increase in both the mean 107 
and maximum peak foot pressures additionally moving the centre of pressure toward 108 
the forefoot region as the procedure progressed and the operator fatigued.  109 
The study was conducted on a single operator, however the measurements were 110 
repeated for five procedures. Future work should focus on measuring the effects of 111 
wearing the lead aprons on different operators and at different times of the day. 112 
Equipment used for collecting data in the study was selected specifically as not to 113 
restrict the movement of the operator or influence the clinical environment limiting the 114 
measurement of spinal angles to a simple camera system. 115 
 116 
We show for the first time how musculoskeletal stresses in the cardiac catheter 117 
laboratory can be quantified and provide data to document the effect on the foot and the 118 
spine. Further work is required to confirm these findings, and urgent solutions sought to 119 
seek preventative measures. 120 
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Informed consent was obtained from the electrophysiologist and the study protocol 122 
conforms to the ethical guidelines of the 1975 Declaration of Helsinki. The authors of 123 
this manuscript have certified that they comply with the Principles of Ethical Publishing 124 
in the International Journal of Cardiology. 125 
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Figure 1.  Typical foot pressure results when wearing a lead apron and not wearing a lead apron (rest 161 
day). 162 
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